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THE STATUS OF THE GAS PRODUCER AND OF THE 
INTERNAL-COMBUSTION ENGINE IN THE 
UTILIZATION OF FUELS. 


By Rosert Hreywoop FERNaLp. 


INTRODUCTION. 


Investigations into the possibility of generating producer gas for 
power purposes in a commercial way from the various mineral 
fuels of the country have been carried on for some time by the 
United States Government. These investigations have been associa- 
ted with steaming, briquetting, coking, and other tests, all of which 
supplemented an examination into the nature, extent, and distri- 
bution of the fuels used. The tests have been made with carefully 
selected representative samples and carload lots of coal, lignite, etc., 
procured especially for the purpose by experienced collectors. 

The investigations promise to yield a highly important result—the 
development of greater efficiency in the use of all fuels. This result 
is of especial importance for States remote from coal supplies. 

In New England, for example, marked economies can be gained 
by a general use of the gas producer, and moreover these economies 
would be sufficient to overcome the handicap placed on industries 
there by the transportation charges on coal. The development of 
power in the New England States through the efficient method 
suggested by these investigations would mean a yearly saving of 
many millions of dollars. 
| Many States of the West that have no good coal are also greatly 
benefited by the investigations, which have shown the adaptability 
of the gas producer for the utilization of low-grade coal, lignite, 
peat, etc. As mined, these fuels can not be used in boiler furnaces 
and will not bear long transportation, but the gas producer makes 
them of potential value. Thus the gas producer is an agency of 
conservation. It helps to keep the low-grade coals from being 
permanently lost by being left in the mines in such condition as to 
)make their future recovery impossible. In States in which deposits 
of low-grade coal, lignite, and peat are found, the present cost of 
power, as developed in steam plants with coal that has been shipped 
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6 THE GAS PRODUCER. 


a considerable distance, can be materially reduced by placing pro- 
ducer plants at the mines or bogs, so as to utilize these low-grade 
fuels without cost of shipment by generating electric current which 
can be easily transmitted to desired points within a wide radius. 


NATURE OF TESTS. 


The tests that have been conducted at the Government fuel-testing 
plants are of two classes, (1) those made with the pressure-producer 
installation used at St. Louis, Mo., and Norfolk, Va., between October 
1, 1904, and June 30, 1908, and (2) those made with the down-draft 
producer plant installed at the Bureau of Mines experiment station 
in Pittsburgh, Pa., between July 1, 1908, and June 30, 1910. The 
problems taken up at the Pittsburgh station involved new apparatus 
and a method of procedure totally different from that followed at 
St. Louis and Norfolk. 

A somewhat detailed account of the producer-gas investigations of 
the Government from October 1, 1904, to June 30, 1910, is given in 
Bulletin 13% recently issued by the Bureau of Mines. The more im- 
portant facts and conclusions presented in that bulletin by C.D.Smith 
and myself are summarized in this paper, which is issued mainly for 
distribution to persons who may not care for the more detailed tech- 
nical statements contained in Bulletin 13. 


FUELS TESTED. 


By means of the Government producer-gas plants at St. Louis 
and Norfolk 195 tests were made. Bituminous coals, lignites, and 
peats from 28 different States were used, as indicated in the following 
table: 

TABLE 1.—Classification of samples tested, by kind and locality. 


Sub- 


Locality. Bitumi- | pitumi- | Lignite. | Peat. | Bone | Miscel- | Dupli-| ota, 
nous coal. 3 " 2 


nous coal. 


OO 


THO OO I ON Cr Cot Go 


= 


a Fernald, R. H., and Smith, C. D., Résumé of producer-gas investigations, October 1, 1904-June 30, 1910, 
1911. 293 pp. 12 pls. 

b Slack. 

¢ Lignite and cinders. 
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TaBLE 1.—Classification of samples tested, by kind and locality—Continued. 


Sub- 
Bitumi- ; Bone | Miscel- | Dupli- 
Locality. nous ooal,|,bitumi- Lignite. | Peat. coal. | laneous. | cate. Total. 
Pennsylvania 21 
Rhode Island.. : 
8 
2 
1l 
5 
20 
6 
1 
1 
1 
127 10 15 4 4 10 25 195 
a Washery refuse. 6 Anthracite. ¢ Pea anthracite. 


Table 2 presents a condensed summary of the most important 
items relating to the coals and lignites tested in the gas producer. 
Figures are given for Florida peat also, although but one sample of 
it was received. The reader should note that in this table all items 
affected by the load factor are given for loads ranging only from 90 to 
100 per cent of full load, which was 235 brake horsepower for this plant. 

The tests were conducted under the restrictions of a constant 
engine load, 235 brake horsepower, and not with a view to determin- 
ing the maximum power-producing quality of the fuel. 


TaBLE 2.—Summary of important items in results of tests 1 to 169. 
Bituminous coal. 


As fired. Dry. 


| 
Tests | Aver- | Maxi- | Mini. | Tests 
aged, | 28@ | mum. | mum. | 9>0q. | age. | mum. | mum. 


B. t. u. per pound, with 90 to 100 per 


cent load (tests over 30 hours)..-..-. 112 | 12,372 | 14,674 | 9,338 112 | 13,228 | 15,073 | 10,656 
Cubic feet of gas per pound........... 101 61.1] 100.8 41.5 101 65.2 | 103.5 40.9 
Pounds per square foot of fuel bed per 

OUP asking sascsstowgeitesceceds 112 7.64 | 12.42 5.07 112 7.09 | 11.16 4.90 
Pounds per e. ea per hour......... 112 1,52 2.93 +97 112 1.41 2.45 +95 
B.t.u. per cubic foot of standard gas. . 192.) 25059) |" U7650.1) W20: Bloc cevieslclsccecesalewsses sc]easasees 


B. t.u. perb. h. p. per hour (full load). 101 | 11,418 | 14,700] 9,516 
Pounds of tar, soot, etc., per ton of 


fuel as fired: 
Water not extracted............. 47 354 TAT 
Water extracted................. 13 287 624 
Composition of fuel (per cent): 
MOIStUTCs 5s So gcseeescesesssas 112 6.66 | 14.77 
112] 32.78 | 42.46 
112] 50.59 76.42 
112 9.97] 21.73 
Sulphur (separately di 112 2.32 7.36 
Volumetric analysis of gas (per cent): 
Carbon dioxide (CO2)..........-- 112 9.71 | 14.80 
Oxyeen (0s) cccicccscwecksesase sen 112 +02 +59 
Ethylene (C2Hy4)............----- 112 19 .70 
Carbon monoxide (CO).....-....- 112} 19.038] 24.50 
Hydrogen (He)..............----- 112] 13.48] 18.60 
Methane (CHj)...........-.------ 112] 2.78} 6.52 
Nitrogen (Nq)........2.2---.c005 112 | 54.79} 63.46 
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TaBLE 2.—Summary of important items in results of tests 1 to 169—Continued. 


Subbituminous coal. 


Item. 


B. t. u. per pound, with 90 to 100 per 
cent load (tests over 30 hours). : 
Cubic feet of gas per pound........... 
Eouuss per square foot of fuel bed pe 
DUP hcssssectien beetles ey te 
Pounds per e. h. p. per hour......... 
B.t.u. per cubic foot of standard gas. . 
B.t. u. perb h. p. per hour (full load). 
Pounds of tar, soot, etc., per ton of 
fuel as fired: 
Water not extracted 
Water extracted................. 


Fixed carbon.......-.0-+-sssc0rss 
Ash 


Sulphur (se tely determined). 
Volumetric ana yas 
Carbon dioxide (COz)...........- 
Oxygen (O2).........--2----2002- 
Ethylene (C2Hy)...........------ 
Carbon monoxide (CO).......... 
Hydrogen (Ha)............------- 
Methane (CHy)...............-.-- 
Nitrogen (Nq)...........-.------- 


NAN SSN ob 


As fired. Dry. 
Item. 


As 
Tests Tests ; aver-| req, | Dry- 
aver. | AVer- | Maxi-| Mini- | V¢7.| Aver- | Maxi-| Mini- | aged. 


age. | mum. |mum. age. |mum.|mum. 


B. t. u. per pound, with 
90 to 100 per cent load 
(tests over 30 hours)..... 7 11,059 |11, 473 |10, 346 

Cubic feet of gas per pound. 5 43.2 | 47.1] 40 

Pounds per square foot of 
fuel bed per hour........ 7 | 13.28 | 15.72 | 11.91 8.55 | 10.09 | 7.21 

Pounds per e. h. p. per 
OUP Soy assess cescseeonse 7 

B. t. u. per cubic foot of 

goose gas. eer 7 
. t. u. per b. h. p. per 
hour (full load). Ae aid : 5 

Pounds of tar, soot, etc., 
per ton of fuel as fired: 

Water not extracted... 
Water extracted)... .o.2) wi Sicc|easecccaceessls ie acd |(c50000|s scene vfanece'ss 

Composition of fuel (per 

cent): 
Moisture............... 
Volatile matter. 
Fixed carbon... 


_ 
a 
a 
<) 
= 
a 
2 
a 
| ee oe oe el cd 
i) 
o 
i) 


ae 


NA aN 
at tk et 
- 
= 


Volumetric analysis of gas 
(per cent): 
Carbon dioxide (COs). . 
Oxygen (Og)......----- 
Ethylene (C2H,)....... 
Carbon monoxide (CO) 
Hydrogen (Hq)....-... 
Methane (CH4). ar 
Nitrogen (Nq)....-....- 


ass 
ha et tt et et 
ix} 
x 
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Table 3 presents a classification of 103 coals into 10 groups (A to J), 
according to calorific value, each group embracing a range of 500 
British thermal units, the medial figure of which is assigned as the 
approximate calorific value, on a dry-coal basis, of the group. Aver- 
age results relating to pounds of fuel burned, gas produced, producer 
efficiency, and plant duty (summarized from the number of tests 
shown by black-face figures under each group) are also given. The 
relative economic values may be modified slightly in the light of 
future tests conducted under improved conditions. 


27198°—12——2 
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12 THE GAS PRODUCER. 


CONSERVATION OF FUEL. 


These tests in the gas producer have shown that many fuels of so 
low grade as to be practically valueless for steaming purposes, such as 
slack coal, bone coal, and lignite, may be economically converted into 
producer gas and may thus generate sufficient power to render them 
of high commercial value. 

It is estimated that on an average each.coal tested in the producer- 
gas plant developed two and one-half times the power that it would 
develop in the ordinary steam-boiler plant. 

It was found that the low-grade lignite of North Dakota developed 
as much power when converted into producer gas as did the best West 
Virginia bituminous coals burned under the steam boiler. 

Investigations into the waste of coal in mining have shown that it 
probably aggregates 250,000,000 to 300,000,000 tons yearly, of which 
at least one-half might be saved. It has been demonstrated that 
the low-grade coals, high in sulphur and ash, now left underground, 
can be used economically in the gas producer for the ultimate produc- 
tion of power, heat, and light, and should, therefore, be mined at the 
same time as the high-grade coal. 

In line with this conservation of fuel resources it is interesting to 
note that one estimate states that the United States Steel Corpora- 
tion alone, through installations of blast-furnace gas engines to dis- 
place the old equipment saves approximately 1,000,000 tons of coal 
per annum. 


ELIMINATION OF THE SMOKE NUISANCE. 


The investigations also show that the general use of gas producers 
for the development of power means the elimination practically of the 
smoke nuisance. This result is especially important in cities that are 
compelled to use bituminous coals. 

The great saving in fuel obtained through the gas producer has led 
to the installation within the last decade of several hundred of these 
power plants throughout the United States. These produvet plants 
are practically smokeless during operation. 

As a smoke preventer, the gas producer is one of the most efficient 
devices on the market, and furthermore, it reduces the fuel consump- 
tion not 10or 15 per cent, as claimed for the ordinary smoke-preventing 
device offered for use in steam plants, but 50 to 60 per cent. 

The establishment of producer-gas plants at the mines and the dis- 
tribution of electric energy or gas over large areas will also tend to 
eliminate smoke. When a large percentage of the small, isolated, 
power and heating plants and all steam locomotives have been 
removed from the larger cities, the atmosphere of these cities will be 
much clearer and heavy financial losses directly traceable to smoke 
will be eliminated. 
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13 
PRODUCER GAS. 
SOURCES OF PRODUCER GAS. 


Nearly all gases used for power, heating, and lighting, except 
natural gas, are derived from the partial combustion or distillation of 
solid fuels or the vaporization of liquid combustibles. The fuels 
commercially employed for making producer gas are generally coal, 
coke, charcoal, lignite, and peat; but wood, sawdust, straw, oil, etc., 
may be advantageously used under certain conditions. 


THE COMPOSITION OF PRODUCER GAS. 


The composition of producer gas varies greatly. The type of 

producer, the method and skill used in operating, the uniformity and 
the regulation of the air and steam supply, the kind and quality of the 
fuel used, the depth of the fuel bed, the distribution of the fuel, andthe 
uniformity in size of the fuel are factors that affect the product. 
' Inasmuch as the investigations involved in this discussion relate 
almost entirely to bituminous coal, lignite, and peat, the following 
typical analyses of up-draft producer gas generated with these sey- 
eral fuels in a pressure-producer plant are given below. 


Typical analyses of up-draft pressure-producer gas. 


[Percentages by volume.) 


From 

Constituents. Mitaeaions tipuite, From peat. 

Carbon dioxide (CO) 5.683 9.84 10.55 12.40 
Oxygen (O2) asad 04 216 -00 
Ethylene (C2H,)... ‘ 18 17 40 
Carbon monoxide (CO) 18.28 18.72 21.00 
Hydrogen (H2) 12.90 13.74 18.50 
Methane (CH,) 3.12 3.44 2.20 
Nitrogen (Ne) 55. 64 53.22 45.50 
100. 00 100.00 100.00 


Similar analyses of the gases from corresponding grades of fuel in 
down-draft producers are here presented: 


Typical analyses of down-draft producer gas. 


[Percentages by volume.] 


From 


. 4 ‘ From 
Canstieents: mite nous lignite. From peat. 
Carbon: didxlde (COs) 5, ca. ssisic csiacaees ccs apese se dete tweseseaagewsss 6, 22 11.87 10.94 
OV PEM NOD soa pete ie ns sh had avalos chuanas ages tewawala Meaciaewes 13 01 41 
Ethylene (C2Hy)... aoa ol -00 06 
Carbon monoxide ( ae 21.05 16.01 16.91 
Hydrogen (H2)....-.- 50 12.01 14.76 10.19 
Methane (CH,)...... mes. «49 -98 . 66 
WHEPOPENICNG) -2ectcrcicestce ach ses cacada nace sakiet taste ta dobcameawonat 60.09 56.37 60. 83 
100. 00 100.00 100. 00 
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Carbon monoxide, hydrogen, ethylene, and methane are desirable 
constituents in producer gas, and the suitability of the gas for a 
particular industrial application depends somewhat on the relative 
proportions of these constituents. Producer gas with a high per- 
centage of hydrogen may be well adapted to certain metallurgical 
applications, but if the gas is to be used in internal-combustion engines 
the percentage of hydrogen must be kept within certain limits. For 
this reason the methods of operating producer plants for the genera- 
tion of gas for power purposes are often quite different from those 
employed where the gas is to be used for metallurgical work. 

In order to make producer gas suitable for use in an engine the 
gas must be thoroughly scrubbed and cleaned and be sent to the 
engine at a low temperature. Lowering the temperature increases 
the density of the gas, so that a given volume contains a larger 
number of heat units and can develop more power in the engine. 


APPLICATIONS OF PRODUCER GAS. 
POWER. 


Broadly, producer gas has two general applications—for power 
purposes and for metallurgical work. Three distinct types of gas- 
producer plants have been commercially manufactured in the United 
States, as follows: (a) Suction type; (b) pressure type, and (c) down- 
draft type. Besides these three a combination of the principles of 
up draft and down draft has recently been brought forward in the 
double-zone producer. 


PRODUCER GAS FOR METALLURGICAL AND HEATING PURPOSES. 


Producer gas has for years been extensively used in various types 
of furnaces in the manufacture of iron and steel. This use has 
become more and more general during the last few years. In dis- 
tricts where the steel mills have had an abundant supply of natural 
gas no necessity for a substitute has been felt and no incentive for 
economizing the fuel supply has existed. The supply of natural gas, 
however, is by no means unlimited—in some places it has failed 
altogether—and the time when the gas will no longer be available 
in great quantities is near. Large users of this remarkable natural 
resource have had to recognize these conditions and to hold them- 
selves ready to use artificial gas when the supply of natural gas 
becomes inadequate. The solution of their fuel problem is found in 
the gas producer, and at the present time there are within the natural- 
gas regions large installations of gas producers used for the operation 
of open-hearth furnaces. 

In the manufacture of producer gas for metallurgical processes the 
gas goes to the furnace directly from the producer without any cooling 
or cleaning. 
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OTHER APPLICATIONS OF PRODUCER GAS AS FUEL. 


The abundance of natural gas and the multiplicity of uses to which 
it has been applied have led to a much greater appreciation of the 
advantages of gaseous fuel, and have helped to emphasize the value 
of the gas producer. During the past few years there has been great 
development in the utilization of producer gas not only for power 
purposes and the manufacture of iron and steel, but for other indus- 
tries as well. 

Among the uses to which producer-gas fuel has been put are 
annealing, japanning, enameling, tempering, casehardening, type- 
casting, yarn singeing, cooking, and the heating of molds, wash 
kettles, ladles, stoves, and bakers’ ovens. It has also been used 
quite extensively in brick, lime, and cement kilns, and in various 
types of ore-roasting furnaces. 

In using producer gas as a fuel one should remember that the heat 
value of the gas is low compared to that of the other gases that are 
used for similar purposes, except blast-furnace gas. Natural gas 
has an approximate average heat value of 1,000 B. t. u. per cubic 
foot; the heat value of artificial or ordinary city gas is about 650 
B. t. u. per cubic foot, whereas the heat value of producer gas ranges 
from 100 to 275 B. t. u. per cubic foot, according to the method of 
production. This relatively low heat value must be taken into ac- 
count in considering the method of application. In spite of its low 
heat value producer gas is usually cheaper for work requiring rela- 
tively large quantities of gas than any other fuel, with the possible 
exception of natural gas sold at a low price. 


ADVANTAGES OF PRODUCER GAS AS FUEL. 


In many possible applications of producer gas as a fuel there seems 
to be little if any gain over direct firing with coal. Opinions differ 
regarding this point, many claiming that there is always a consider- 
able saving in favor of producer gas. The difference either way is 
probably small, but other considerations are frequently of such im- 
portance as to give producer gas a great advantage. Under condi- 
tions requiring uniformity of temperature for continued periods, or 
variations in temperature at positive intervals, the ease with which 
a supply of producer gas can be regulated insures results that would 
be entirely impossible with solid fuel. Producer gas may also be em- 
ployed with comparative ease as a reducing agent. 


BOILER HEATING. 


Under the simple conditions required for boiler heating it is ques- 
tionable whether any advantage is to be obtained by the use of pro- 
ducer gas except, possibly, in localities where low-grade fuels are 
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burned. There are many fuels that can be utilized to advantage in 
the gas producer that can not be employed in direct steam-boiler 
firing. An incidental advantage which may be important in urban 
communities is the reduction of smoke that results from the use of the 
producer. 

In a large plant there may be considerable advantage in using pro- 
ducer gas in place of coal, because the gas can be so easily piped from 
the producers to the different parts of aplant. This advantage is par- 
ticularly marked where it is inconvenient to distribute coal to several 
boiler installations, and may result in a large financial saving. Some 
writers on the subject are enthusiastic enough to believe that the 
manufacture of producer gas by large central plants at the mines, and 
the distribution of this gas through pipe systems over a broad area, 
will become general within the next few years. 


LIME BURNING. 


In lime burning it is claimed that greater economy is obtained with 
producer gas than with coal, and that the output of a plant is con- 
siderably increased. The heat produced by the gas is readily con- 
trolled, and it is claimed that the flames from burning gas are per- 
fectly adapted to the process. Owing to the absence of ash and 
clinker a much cleaner and purer product is produced, and the labor 
required is reported much less than that necessary with solid fuel. 
Reduction in the repair bills also is claimed, because the life of the 
kilns is longer and the necessary repairs are fewer than when solid 
fuel is used. 


ORE ROASTING. 


- Although producer gas has been satisfactorily used for ore roasting, 
the development in this direction has been slow, because of a natural 
hesitancy to adopt new methods. 


FORGE WORK. 


In forge work the substitution of producer gas for oil, illuminating, 
and natural gas is developing, although special care is necessary re- 
garding the methods of application. Producer gas is economical and 
does away with the dirt and smoke so prevalent in forge work when 
coal is used. 

CEMENT BURNING. 


The substitution of producer gas for coal in cement burning seems 
to offer an attractive field. Although this substitution has been made 
in but few instances and has not become general, it is attracting the 
attention of cement manufacturers. It is claimed that excellent 
economy is obtained, that a high-grade, uniform clinker is produced, 
and that the ease of control, the simplicity of the equipment, and the 
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low cost of the installation and upkeep make producer gas an ideal 
substitute for coal. In discussing this question cement manufac- 
turers have expressed the opinion that the application of producer gas 
to clinker burning presents many of the advantages named, but at 
the same time they state that, as far as their information goes con- 
cerning installations of this process, there has been difficulty in get- 
ting as large an output as had previously been obtained with coal. 


GAS-PRODUCER FUELS. 
FUELS USED IN THE SUCTION PRODUCER. 


The peculiar characteristics of the suction-producer plant practi- 
cally limit fuels for this type of installation to those containing little 
or no tar. Hence anthracite and semianthracite coal, coke, and 
charcoal are the principal fuels used. The standard types of suction 
producer are designed to use these fuels in what is commonly known 
as pea size. The fuel size usually designated in specifications for 
such plants is No. 1 pea. Larger sizes can be utilized to good advan- 
tage in many cases, but as a rule they are more expensive. If very 
small coal is to be used, such as rice, barley, or fine screenings, or 
coke breeze, special producers are usually required. 


CHARCOAL. 


From the standpoint of simplicity of operation, charcoal is an 
excellent fuel, but its tar content, although small, sometimes causes 
a little difficulty. However, on account of its expense, charcoal is 
used in very few plants in the United States. Plants are in opera- 
tion using this fuel at a cost of $13 a ton, and the owners claim that 
the fuel cost is considerably below what it would be if illuminating 
gas were used. 


ANTHRACITE. 


Anthracite is the standard fuel for suction producers in this coun- 
try, and under certain conditions it is an excellent fuel. There are 
a great many power plants in daily se requiring attention not over 
two or three hours a day, that are as reliable as any steam-engine 
plant of the same size, and are far more economical. On the other 
hand, there are many installations that require attention practically 
all the time, and even then are frequently shut down. The troubles of 
these plants are often traceable to serious clinkering which may be 
due to the behavior of the coal under certain temperature conditions, 
and may be unavoidable in plants of the ordinary construction. How- 
ever, in many instances clinkering and a bad condition of the fuel 
bed are caused by an overload or excessive demands upon the plant. 

27198°—12——3 
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For the most part these overload conditions are undoubtedly due to 
an overrating of the producer by the manufacturer. This fact has 
already been recognized by some makers with the result that the 
guaranteed rating of their plants has been reduced 25 per cent for 
the same area of fuel bed. 

Even with the same working conditions much less difficulty is 
experienced with one grade of anthracite than with another. It is 
doubtful, however, whether sufficient study has yet been made to 
warrant drawing fuel specifications that will guarantee practically 
no difficulty in producer plants of the suction type. 

In handling these suction producers it is necessary to keep the 
grates free from clinker and ash in order to facilitate the action of 
the engine in producing the necessary draft, and to keep a clean fire 
a great many operators rake out considerable partly burned coal. 
It is the custom in many plants to throw this partly burned coal back 
into the producer. Though this practice is satisfactory in some 
cases, yet with certain kinds of anthracite it facilitates clinkering. 
As a result the practice has been abandoned in some installations 
and the partly burned material, or coke, is saved for use in fireplaces 
or kitchen ranges. 

Although attention has been called to some of the difficulties 
encountered in the use of anthracite coal, it must be understood that 
these troubles are not general. <A large proportion of the several 
hundred plants in the United States now operating on anthracite 
are giving excellent satisfaction and little or no trouble. 


COKE. 


In the United States coke is little used in producer plants of the 
suction type. It gives much more trouble from clinkering than 
anthracite and its use necessitates taking a longer time to get the 
producer into operation in the morning, after a standby overnight. 
Coke seems to be used much more generally in Europe than in this 
country. Because of the price of anthracite, some people abroad 
advocate using a mixture of anthracite and coke. In England the 


price of coke is about one-half that of anthracite. One manufac- - 


turer of a suction plant in very general use in Europe advertises 
‘*20 horsepower-hours for 1 penny” as the cost of power when coke 
is used in a plant made by him. However, on looking up the par- 
ticular installation reported to be operated at this low cost, I was 
informed by the owner that, although coke cost about one-half as much 
as anthracite, he was compelled to use twice as much of it; conse- 
quently the fuel cost was practically the same for both fuels. In 
actual operation this plant shows an average fuel cost of about 9 
horsepower-hours for 1 penny. Under the best conditions it may 
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develop 12 or 14 horsepower-hours for 1 penny, but never 20. Many 
operators claim that the best results are obtained with coke when it 
is crushed to walnut size. 


LIGNITE. 


Many efforts have been made to develop suction plants that will 
prove commercially profitable in the use of the tarry fuels, such as 
bituminous coal, lignite, and peat. Considerable success has been 
attained both in Europe and the United States with the use of 
lignite in suction producers. In the States of Texas and Washington 
several plants ranging in size from 25 to 250 horsepower are operating, 
using lignite. The brown-coal briquet of Germany forms an excel- 
lent producer-gas fuel and is in very general use in small suction 
plants of the double-zone type. As found in nature this brown coal, 
which corresponds to the lignite of the United States, is undesirable 
for use in producers unless in good-sized pieces similar to those of 
freshly mined Texas lignite. The plants burning brown coal seem- 
ingly require no more, and perhaps require less, attention than plants 
using anthracite. Progress is steadily being made in the utilization 
of lignite. 

PEAT. 


Up to the present time peat has not been commercially utilized in 
this country as a fuel for the suction producer, but there is good 
reason to believe that it will be in the near future. Among the most 
interesting producer-gas plants in Europe are those burning peat. 
The application of small peat-burning producer plants for generating 
power has become general in Europe, although the first plant of this 
type was installed only five or six years ago. Before it is charged 
into the producer, air-dried peat, containing about 25 or 30 per cent 
moisture, is passed through a crusher and broken into pieces 1 to 4 
inches in diameter. 

The Canadian Government installed a peat-burning producer-gas 
plant for experimental researches on local peats. However, the gas 
producer and engine were both imported from Germany. These inves- 
tigations show that peat can be prepared for fuel purposes at a cost 
averaging 30 to 40 per cent of that of an equivalent British thermal 
unit value in anthracite in Canada. 


BITUMINOUS COAL. 


The operation of the suction producer on bituminous coal has been 
attempted by nearly all producer-plant manufacturers. In both 
Europe and this country the demand for small power units to operate 
on bituminous coal is large. Little success has been attained in this 
country in mecting this demand, but abroad the leading manufac- 
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turers are nearly all working on the problem, and each one has some 
form of plant that he feels is well adapted to bituminous coal. Lim- 
itations are imposed abroad, however, that would not be regarded as 
practical in this country; that is, special restrictions are placed on the 
types of fuel that may be used. One manufacturer states that the 
bituminous coal used in a suction plant of his design must be of good 
quality, low in ash (8 to 10 per cent as a maximum), and noncaking, 
and must not contain more than 7 per cent tar. The same idea is 
expressed by another manufacturer, who says that for coals other 
than anthracite he confines his attention to short-flaming, low-ash 
coals that do not cake and make little tar. Although I saw several 
of these suction plants specially designed for bituminous coal, only one 
was in actual operation. This was a double-zone plant of 250 horse- 
power, supplying gas to a 150-horsepower, twin single-acting, hori- 
zontal engine. It is reported that the coal used in this plant contains 
25 per cent ash and 2 per cent sulphur, and that the high ash content 
gives no trouble, provided the coal is noncaking. In this installation 
it is imperative that only coals possessing certain qualities be used. 
To satisfy these limitations three varieties of coal are often required, 
mixed in proper proportions. All fine coal is sifted and the dust 
thrown out to prevent matting. Under similar restrictions it is 
difficult to see how such plants can meet commercial demands. All 
suction plants for bituminous coal that were inspected abroad were 
of the double-zone type. 


FUELS USED IN THE PRESSURE OR DOWN-DRAFT PRODUCER. 


The range of fuels that can be used in either the pressure or down- 
draft plants is much greater than that for the suction plant. All of 
the fuels mentioned for the suction plant, considered purely for their 
gas-making qualities, are available for use in these installations. The 
price is the principal controlling factor. 


ANTHRACITE. 


In most sections of the country the cost practically limits the use 
of anthracite to comparatively small plants. 


BITUMINOUS COAL. 


A few companies operating pressure and down-draft plants prior 
to 1904 ventured to use certain well-tried bituminous coals known 
to be especially free from sulphur and the tendency to cake, and low 
in both ash and tar producing compounds. It remained, however, 
for the investigations conducted at St. Louis to demonstrate the 
possibility of using in such plants practically all grades of fuels of 
any commercial value without reference to the proportion of sulphur 
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or tarry compounds that they contain. Several of the poorest grades 
_ of bituminous coal showed remarkable efficiency in the gas producer, 
and lignite and peat were used with great facility. These results 
open the way to the introduction of cheap power into large districts 
that have thus far been commercially unimportant from a lack of 
such power. 

SMALL PRODUCERS FOR BITUMINOUS COAL. 


Persistent reports claim the successful development of gas pro- 
ducers of small power to operate on bituminous coal, coke breeze, 
anthracite screenings, ‘‘front-end cinders,’ etc. Such plants are in 
great demand, but it is doubtful whether their development and 
application have been as great as the advertising they have received. 
It is interesting to record, however, that a company manufacturing 
anthracite gas producers and gas engines, that expressed in 1904 its 
firm conviction that the Government tests with bituminous coal in 
producers would fail utterly, recently put itself on record as recom- 
mending the use of its own engines with small bituminous producers 
manufactured by another company. 

Experiments with bone coal have given excellent results, the fuel 
showing an efficiency in the producer equal to that obtained by 
using good steam coal under boilers. Recent investigations with 
other low-grade fuels, such as roof-coal slabs, culm, and washery 
refuse, have also demonstrated the possibility of using such material 
to advantage in the producer. 


RESULTS OF PRODUCER TESTS ON LOW-GRADE FUELS. 


The results obtained from some of the low-grade fuels are shown 
in the following table: 


TABLE 4.—Results of producer tests on high-ash fuels. 


Fuel as 
fired con- 
sumed in 

Fuel from— Variety. Moisture.; Ash. | producer 
per 

b. h. p. 

hour. 
Per cent. | Per cent.| Pounds. 
1 3.62 19. 63 1.10 
2 3.55 20. 57 1.45 
3 16.69 20. 7 1.56 
4 9. 44 20. 72 1.70 
5 12.76 21. 52 3.98 
6 8.65 21.73 1.83 
7 8.67 23.12 2.88 
8 Bituminous, run-of-mine 10. 96 23. 44 2.02 
9 eatrs-y. ackons scotsac 13. 88 27.78 3.37 
10 | West Virginia. . Bituminous, bone....... 2.91 28. 08 1.26 
11 | Pennsylvania.......... Bituminous, washery refuse...........-..--- 2.68 30. 35 2. 34 
12 ]..... DO's ti5s'0 ve asdeznes Washery relase..  cxsc.eccc0 5 ercesosasysce tae 2.25 31.89 2.76 
13 | West Virginia......... Bituminous, bone..............--.-.-------- 47 43.74 1.65 
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With such a wide range of available fuels, and with the supply of 
anthracite and the better grades of bituminous coal becoming lim- | 
ited, the producer types now in use will doubtless be improved and 
modified so as to adapt them to the low-grade or high-ash fuels. 
The general situation in Europe is much like that in the United 
States; the manufacturers for the most part use the better-grade 
fuels and, in consequence, the poorer fuels are left in the mines. 
This practice is regarded as wasteful, and a great deal of interest is 
shown in the possible utilization of these low-grade fuels in the gas 
producer. 

Although, as already stated, within only a few years has bitumi- 
nous coal been used in the United States in producers supplying gas 
engines, it is also true that for furnace work the gasification of 
bituminous coal in producers has been carried on much longer. 
The tarry vapors formed add materially to the heat value of the gas 
and are consequently of advantage in this type of work. As tar 
and soot interfere seriously with the operation of the engine, the 
introduction of cleaning apparatus for power-producer plants has 
been imperative and has complicated the design and construction 
of these plants considerable. 


CRUDE OIL. 


The development of the crude-oil gas producer, for which there is 
great demand in oil regions remote from the coal fields, has been 
exceedingly slow, but there is reason to believe that decided progress 
‘has recently been made. The most recent notes on this subject 
relate to the Grine oil producer. In this type of producer steam 
spray is used for atomizing the oil which is introduced into the upper 
part of the generator where partial combustion takes place. The 
down-draft principle is then applied and hydrocarbons are broken 
up and the tar is fixed by passing through a bed of incandescent 
coke. Mr. Grine reports that a power plant using one of these pro- 
ducers has been in operation a year in California. With crude oil 
as fuel costing 95 cents per barrel, or 2.3 cents per gallon, the plant 
is reported to develop the same power per gallon of crude oil as is 
ordinarily developed by the standard internal-combustion engine 
operating on distillate at 7 cents per gallon. Including the cost of 
fuel, labor, supplies, interest, depreciation, and taxes, Mr. Grine 
states the cost per brake horsepower-hour to be 0.76 cents for a 
plant of 100-horsepower rating. 

Besides the fuels previously mentioned, producers have been oper- 
ated on wood, sawdust, tanbark, straw, hay; corncobs, cornstalks, 
and even leather scraps, but these fuels, with the possible exception 
of wood and sawdust, have not come into general use. 
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CAPACITY OF PRODUCERS. 
HORSEPOWER OF PRODUCERS. 


It is customary at the present time to designate the capacity of 
gas producers in terms of horsepower. As is the case with boilers, 
however, this usage is a misnomer, since there is no such thing as 
the horsepower of a producer. The expression strictly means the 
size of producer that will uniformly supply an engine of a given 
horsepower rating with gas over a considerable period of time; that 
is, a 250-horsepower producer means one that will supply sufficient 
gas to operate an engine rated at 250-brake horsepower for several 
consecutive hours under full load. 

From the general discussion on gas-producer fuels it will be seen 
that the quantity of fuel that can be burned in a given gas producer 
per hour and the quantity of gas that can be generated will vary 
widely according to the kind of fuel used. This point is perhaps 
made clearer by figures 1 and 2, which show the rate of burning of 
a large variety of fuels in a producer of the dimensions necessary to 
develop sufficient gas to operate a 235-brake horsepower engine at 
full load. A wide difference will be observed in the required rates 
of fuel consumption, between the coals of high heat value (14,000 or 
more B. t. u. per pound) and those of low heat value (between 7,000 
and 8,000 B. t. u. per pound). 

Again, it is obvious, from a study of the curve shown in figure 1, 
that if the rate of burning the high heat value coals be increased to 
that of the low heat value fuels, the volume of gas generated will 
be large enough to supply an engine of much more than 235 horse- 
power. In other words, the producer that would be called a 235- 
horsepower producer with one fuel might be rated as 300 horsepower 
with another fuel and 400 horsepower with another. 

For metallurgical and furnace purposes in which no engine is 
employed there is no definite relation between horsepower and pro- 
ducer size. In general, then, a better method is to designate pro- 
ducers by the diameter of the fuel bed and the rate of burning the fuel 
per square foot of fuel-bed area. 


RATE OF FUEL CONSUMPTION. 


The rate of fuel consumption is an uncertain factor and has led to 
much difficulty in designing and in rating producers. Early work in 
this country followed European practice almost entirely, and thereby 
occasioned a great deal of trouble in properly rating the plants and 
brought about the ultimate failure of many of them. Under Euro- 
pean conditions, in which fuels of a certain grade are specified, high 
rates of fuel consumption may be obtained. Similar rates are not 
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impossible under corresponding circumstances in this country, but as 
such conditions seldom prevail,it has been found that in general therate 
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of fuel consumption per square foot of fuel-bed area does not average 
much over half the amount originally guaranteed by the early manu- 
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facturers. This fact has, of course, led to a decided modification in 
the design and proportions of many plants. Even to-day there is some 
tendency to overrate producers, especially those of the suction type. 
Such overrating is not only likely to make trouble in adjusting the 
purchase price of these plants, but usually results in serious operating 
difficulties, if the installation is worked at or near its capacity. It has 
been observed frequently that a given plant using anthracite of good 
quality will have no operating difficulties when working up to 50 or 75 
per cent of the rated capacity of the producer, but if the producer is 
forced to its full rating for any length of time, clinkering and other 
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FiguRE 2.—Relation of volume of standard gas generated to rate of firing. 


troubles are encountered. These are often sufficiently serious to 
necessitate a reduction in load at a time when such a reduction is 
most inconvenient. 

Although the rate of burning high-grade coal may be materially 
increased over that indicated in figure 1, such an increase is not always 
possible. A great deal depends upon the character of ube fuel, and 
especially upon the nature of the ash. If the ash is highly fusible, it 
may cause such serious trouble from clinkers that the rate of fuel con- 
sumption will be decidedly restricted, whereas, on the other hand, the 
character of the ash may be such as to allow a high fuel consumption. 
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The possibility of obviating all trouble from clinkering and ash accu- 
mulation, and permitting plants to operate continuously, is receiving 
attention in the attempt to maintain high fuel-bed temperatures and 
to remove the ash in the form of molten slag. In this connection the 
investigations being conducted by the Bureau of Mines with a pro- 
ducer having water-cooled linings give promise of important results. 

Certain types of fuel in the United States, such as lignite, permit a 
high rate of fuel consumption, especially in producers of the down- 
draft type. Plants are in operation that consume more than 40 pounds 
of lignite per square foot of fuel-bed area per hour, but the majority 
of producers do not gasify ordinary fuels at any such rate. It is true 
that suction and pressure producers may be made to gasify compara- 
tively large quantities of fuel per hour for relatively short periods, 
but in actual operation with ordinary grades of fuel it is doubtful 
if the consumption exceeds 15 to 16 pounds per square foot of fuel- 
bed area. The normal figure seems to be much nearer 10 pounds, 
although, of course, some variation should be allowed for the ‘‘work- 
ability of the fuel.”’ Even 10 pounds may be a high figure in the case 
of fuels having a large percentage of ash or a sulphur content that 
tends to produce serious clinkering. 

Of late considerable emphasis has been laid upon the rate of fuel 
consumption and the tendency to overrate producer plants designed 
for generating power, and manufacturers of producers are giving these 
matters much consideration. 

The depth of the fuel bed carried in various plants seems to differ 
considerably. It is essential to have the fuel bed at all times deep 
enough properly to reduce carbon dioxide to carbon monoxide. It is 
also important that the fuel bed be deep enough to prevent excessive 
heating and burning of the gas and the formation of large channels by 
the draft. The proper depth of the incandescent zone will of necessity 
vary materially with the character of the fuel, but in general will be 
from 2 to 4 feet. 


GAS YIELD OF FUELS. 


The quantity of producer gas derived from a ton of fuel varies 
according to the fuel used, the type of producer plant, and the method 
of operation. At the Government fuel-testing plant at St. Louis 
the number of cubic feet of gas produced from various fuels in an 
up-draft pressure produced per pound of fuel was as follows: 
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TABLE 5.—Quantity of gas produced per pound of fuel in an up-draft pressure producer. 


Average. Maximum, Minimum, 
Character of fuel. $$$] J 
As fired.}| Dry. | Asfiredv}| Dry. | Asfired.| Dry. 


Cu. ft. Cu. ft Cu. ft Cu. ft. Cu. ft Cu. ft. 
60.5 64.7 100.8 103.5 37.0 40.9 
oF 45.7 45.9 52.8 26.1 38.8 
80.3] BB Bice swcsces| sce ccncsics|eceewcssws|eseneserss 


The relation of this gas production to the calorific power of the fuel 
is shown in figure 3. 

Based on the above averages the yield of gas, in cubic feet per 
pound of dry fuel, that may be expected from various fuels in this 
type of producer, is roughly, as follows: Coke or charcoal, 90; anthra- 
cite, 75; bituminous coal, 65; lignite, 46; and peat, 38. 

On the basis of the Government tests the gas yield and the heat 
value of the gas per ton of fuel as fired are approximately as follows: 


TasBLe 6.— Yield and heat value of gas per ton of fuel as fired in an up-draft pressure 


producer. 

Heat 
Yield of gas | value of | Heat value of 
Character of fuel. per ton of gas per | gas per ton of 

fuel as fired, eubie | fuel as fired. 
foot. 
Cubic feet. B.t.u. B.t.u. 

Coke or charcoal 170, 000 140 23, 800, 000 
Anthracite... ... 140, 000 135 19.000, 000 
Bituminous coal 120, 000 152 18, 300, 000 
Lignite....... = 72, 000 158 11, 400, 000 
Restic ss iis escvys heehee seseaky yesn ave a eye ss agiieaeen ocean acabinn 60, 000 175 10, 500, 000 


Bureau of Mines Bulletin 13 discusses at some length the details of 
gas-producer operation, and points out the methods and labor neces- 
sary in different types of plants and the importance of simplified 
means of cleaning. 


GAS DISTRIBUTION. 


One of the special advantages of gas, both as a fuel and for use in 
the gas engine, is the ease with which it may be piped to different 
portions of a plant. If the gas is properly cleaned and freed from 
tar, it should cause no trouble in the distributing lines. For local 
transmission the pressure may be very low (only an ounce or two), 
thus making the upkeep of the pipe system small, since leaks can be 
stopped easily. No care is required in the way of insulation, since 
there is nothing that will condense in the pipes. 

The situation is entirely different in the case of steam distribution. 
Here the pressures are high (100 to 150 pounds per square inch), the 
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repair bill is often great and leaks are a constant source of trouble. 
Insulation is also required, which adds much to the cost, and the 
methods of pipe laying are necessarily expensive. When steam lines 
are long and improperly insulated serious losses result from conden- 
sation. With steam the pressure in the lines must be high in order 
that the steam may enter the engine at or a little above the initial 
pressure required in the cylinder. With gas only enough pressure is 
required in the distributing lines to insure delivery, and in many cases 
the gas is below atmospheric pressure and is drawn into the engine by 
the suction stroke. 

A large steam engine is usually erected close to the boilers in order 
to lessen the troubles from condensation, leakage, and the cost of 
installation. Owing to the ease of gas distribution, gas engines may 
readily be located in different parts of a plant. 

For long-distance transmission of the gas the pressure in the mains 
is but a few pounds, being only 5 pounds in a typical plant of this 
character. This pressure is so low that the upkeep of the pipe line 
is a very small item. 


RAPID INTRODUCTION OF GAS-PRODUCER PLANTS. 


The use of the producer gas for heating and for reduction purposes 
in the iron and steel industries has been more or less general for the 
past 40 or 50 years and the number of gas-producer installations in 
connection with these industries has increased steadily from the 
first. During the past decade, however, unusual interest has been 
taken in the adaptation of producer gas to metallurgical work and 
to-day practically all the modern steel plants depend largely upon 
this gas in an extensive application, including power generation. 

Although the development of the gas producer for heating and 
reduction purposes in the metallurgical and allied industries has of 
late been very rapid, the increase in the number of producer-gas 
power plants has been even more marked. Definite figures regarding 
the number of installations for heating and metallurgical purposes 
are not available, but special efforts have been made to procure a 
fairly complete list of producer-gas power plants in the United States. 
Such a list was prepared during the summer of 1909 and published 
in Bulletin 416 of the United States Geological Survey.* So inter- 
esting are the summaries and diagrams prepared from this extensive 
list that they are again presented in this report, as they indicate in 
concise form the rate of growth during the past decade and the 
general character of probably 85 per cent of the installations used 
for power purposes in the United States in 1909. Figures 4 and 5 
show the annual increase, both in number and in horsepower, of the 


a Fernald, R. H., Recent development of the producer-gas power plant in the United States. 82 pp. 
Reprinted as Bureau of Mines Bulletin 9. 
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producer-gas power plants in operation on anthracite, on bituminous 
coal, and on lignite. 

The producer-gas investigations conducted in connection with the 
fuel-testing plants of the Government began in 1904 with a systematic 
investigation of the possible use of bituminous coals, lignite, and 
peat for generating producer gas for power purposes. A study of 
figures 4 and 5 shows clearly the marked increase in the number of 
plants and in the horsepower of such installations since the beginning 
of these researches. 


LOW FUEL CONSUMPTION IN GAS-PRODUCER PLANTS. 


One of the fundamental reasons for this rapid development is the 
low fuel consumption of these plants per horsepower-hour. The 
consumption varies considerably with the heat value of the fuel, but 
the St. Louis tests show that even for the low-grade fuels the relative 
consumption is low, as indicated in figure 6. 

At the time the list reported in Bulletin 416 was compiled (June, 
1909), there were 500 power plants of this character in operation in 
the United States, and these plants ranged in size from 15 to 6,000 
horsepower. Data obtained from this list are summarized in the 
following table according to the type of fuel used and the capacity 
of the plant. 

It will be observed from this table that about 88 per cent of the 
total installations in this country are operating on anthracite (a few 
using charcoal or coke), and that bituminous coal and lignite are 
used in the remaining 12 per cent. Of the total horsepower approxi- 
mately 57 per cent is derived from bituminous coal and lignite and 
43 per cent from anthracite, charcoal, and coke. As to size of 
plants, it will be noted that the plants using bituminous coal average 
twelve and one-half times the size of those using anthracite. 
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TaBLE 7.—Tabulation of producer-gas power plants in the United States according to 
capacity and kind of fuel used. 


Per cent | Per cent 
of total | of horse- 


Mini- | Maxi- | plants. | power. 


Character of fuel and capacity of | Number 
plant. 
Average. | mum, | mum. 


of plants. 


Total. 


Anthracite: 
Over 500 horsepower.........--- 8 950 GOO] TROON Zour O ss 2slelcoeecany 
500 horsepower or less... .....-.- 407 100 15 500" |. ccoena ces lesgeueeaae 
415 116 15 | 1,500 88 43 
Bituminous coal: 
Over 500 horsepower.........--- 20 2, 450 150° |) 65000: [io cae eeeses|ececeeciees 
500 horsepower or less.........-- 17 35 1 or ese operation 
37 1, 460 35 | 6,000 8 49 
Lignite: 
Over 500 horsepower.........-.- 3 2, 430 625) | 53,750! |ks ood se5 shies tances 
500 horsepower or less..........- 19 25 BH Sasscaserticdesatenss 
22 410 25 | 3,750 4 8 
ANI planitss: 2.2sivteSond2taossaece 474 235 15 | 6,000 100 100 


Personal inspection of a large number of gas-producer installations 
has shown (1) that the plants as a whole are giving remarkable 
satisfaction considering the ~brief period of development since the 
introduction of this type of power, (2) that the most serious diffi- 
culty seems to arise from a lack of competent operators to run the 
plants rather than from defects or troubles inherent in the plants 
themselves. 


THE INTERNAL-COMBUSTION ENGINE. 4 


LARGE GAS-ENGINE UNITS. 


The development of large gas-engine units has gone steadily for- 
ward for the past decade. The first engine of this class was that 
exhibited by the John Cockerel Co. at the Paris Exposition in 1900. 
This was an engine of 600-horsepower rating. At the present time 
1,500 horsepower in each cylinder of the four-stroke cycle type and 
2,000 horsepower in each cylinder of the two-stroke cycle engine are 
reported as ratings of exhibits at the recent exposition at Brussels. 
This means units of 8,000 horsepower of the twin-tandem double- 
acting type. 

It is understood that at least one company is prepared to install gas- 
engine plants of large power capacity at a cost not exceeding and in 
some instances less than that of the corresponding steam-turbine 
installations. 


a From an address before the gas-power section of the American Society of Mechanical Engineers, New 
York, December, 1911. 
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THE DIESEL ENGINE. 
CENTRAL-STATION WORK. 


Although the steam turbine has superseded the reciprocating 
steam engine for the generation of electricity in central-station work, 
and will probably hold the field for some time to come, it is inter- 
esting to note that the Diesel engine, owing to its great success in 
small station work, is looked upon seriously as a proximate possible 
rival to the steam turbine. In a paper recently presented before the 
Municipal Electrical Association at Brighton, England, the relative 
cost of a 10,000-kilowatt installation for steam turbines, gas pro- 
ducers and engines, and Diesel engines, was discussed at length. 
The author proposed the use of seven sets each of 1,450-kilowatt 
capacity. His figures of operating expense, etc., are decidedly in 
favor of the Diesel-engine installation. 

Attention was also called to the very economical use of these 
engines as a substitute for substation converting machinery. Such 
stations are already appearing in London. 

In this connection the increase in the size of the Diesel-engine is 
worthy of note. Engines of a few hundred horsepower have become 
common in Europe. In Swiss electric stations Diesel-engine units of 
2,000 horsepower are now in use, and one writer states that the devel- 
opment of the large-sized Diesel engine has been so successful that 
it will not be long before 1,000 horsepower developed in one cylinder 
will be deemed nothing extraordinary. One company of world- 
wide reputation is at present considering more than 2,000 horsepower 
in the single cylinder of Diesel engines. It is stated that engines of 
this type with four cylinders, developing 1,000 horsepower each, can 
be made as light as the corresponding triple-expansion steam engine. 

The weight of such engines compares favorably with that of the 
corresponding turbines and boilers. It is understood that a 1,000- 
horsepower installation of this type weighed only 187 pounds per 
horsepower as compared with 180 pounds for a steam turbine and 
boiler installation. 


MARINE USE. 


The crude-oil engine is now definitely under consideration for all 
types of marine craft. For small vessels the advantage lies in the 
safety afforded by the use of crude oil as compared with lighter oils. 
The crude-oil engine is being used by many of the principal navies of 
the world for submarine boats, and designs are already under way for 
comparatively large engines for torpedo boats and other similar 
craft. 

A few months ago the Vulcanus, a vessel of 1,900 tons displace- 
ment, 196 feet long, equipped with six-cylinder four-cycle single-act- 
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ing reversible Diesel engines, was put in regular service between Hol- 
land and Borneo. This engine is about 500-brake horsepower capac- 
ity at 180 revolutions per minute. The fuel is a crude oil from 
Borneo, and the quoted guaranties are 0.42 pound per brake horse- 
power hour at full speed; 0.44 pound at three-quarters speed; and 
0.5 pound at half speed. In a recent trip the Vulcanus covered 
3,312 miles in 19 days and 3 hours. The average speeds varied from 
6.86 to 7.80 knots. It is reported that the average consumption for 
this ship amounts to one ton of fuel oil per 100 knots. 

The technical journals of recent date record many such installations. 
Among these Russia is credited with at least four freight vessels of 
1,000 horsepower and two 14-knot gunboats of the same horsepower 
rating. In December, 1911, two vessels, nearly 400 feet long and of 
7,000 tons capacity, each fitted with Diesel engines of 2,500 horse- 
power rating and with two auxiliary Diesel engines aggregating 500 
horsepower, were being tried out in European waters. 

The attention of marine engineers is especially directed to the most 
recent development in the oil-engine field—the Junkers oil engine. 
These engines for the freight vessel of the Hamburg-American Line 
are of the twin-tandem type of 1,600 total shaft horsepower each. 
The engines operate on the two-cycle principle, and through the 
introduction of two pistons into each cylinder double action is 
obtained. 

An interesting comparison will shortly be placed before the public 
by the British Admiralty, which proposes to try out side by side in a 
twin-screw cruiser a steam engine and a Diesel engine of 6,000-horse- 
power rating. 

A destroyer recently ordered by the British Admiralty, according 
to current reports, will have on each shaft a steam turbine and a 
Diesel engine. The plan is to operate the turbines when high speeds 
are required, but, under cruising conditions, when the speeds are low, 
owing to the poor economy of the steam turbines, the Diesel engines 
will be used. The combined economy from this arrangement will 
be exceedingly interesting. 

One of the interesting features of engine development is the fact 
that there seems to be a marked tendency toward the two-stroke 
cycle for marine work. 

With the introduction of internal-combustion engines the discom- 
forts of the stokehole will be greatly reduced, the labor required will 
be less than under present marine conditions, and the character of 
the labor will be much improved. 

Although steam engines probably will not be rapidly displaced 
in the larger ocean-going craft, yet the crude-oil engine seems to be 
especially adapted for such service as that previously indicated. The 
quantity of fuel needed approximates a third of that needed for the 


Google 


THE INTERNAL-COMBUSTION ENGINE. 37 


steam engine, hence the radius of action for a given weight of fuel 
is greatly increased. Boilers can be eliminated and their space 
utilized for carrying cargo. 

It is reported that in the case of a freight vessel of 2,700 tons 
burden a saving of over $19 per day was made by using oil at ap- 
proximately $11 per ton, instead of coal at about $3 per ton. 


TAR AS A FUEL FOR THE DIESEL ENGINE. 


Tar oil has become a more or less common fuel for Diesel engines 
of 600 or 800 horsepower rating and it is understood that tar is used 
in at least one engine of 4,000-horsepower rating. Recent experiments 
indicate that both thin gas-retort tar and thick coke-oven tar can be 
used by injecting into the cylinder a small percentage of light oil 
to assist in igniting the tar. It is claimed that a wide range of tars 
can be used in this manner without producing smoke or appreciable 
residue. In tests at the Kérting works about 2 per cent of the 
ignition oil was added at full load and about 13 per cent at half load. 
Reports indicate that an order has been placed for a 600-horsepower 
Diesel engine to operate with raw tar. 


THE INTERNAL-COMBUSTION ENGINE LOCOMOTIVE. 


Locomotives using internal-combustion engines and operating on 
tracks of standard gage have been recently put into service. The 
range of fuel for these engines covers gasoline, benzol, alcohol, and 
petroleum. 

The Prussian State railways are reported to be operating a 1,000- 
horsepower locomotive using a Diesel engine as motive power. 


THE GAS TURBINE. 


Results are soon to be expected from the more recent investiga- 
tions and tests relating to gas turbines. Some of the types are be- 
lieved to be based on correct principles, so that after a satisfactory 
rotary air compressor has been designed rapid progress in the devel- 
opment of this prime mover may be expected. 


THE RELIABILITY OF THE INTERNAL-COMBUSTION ENGINE. 


Not only dotherenewed and increased orders for internal-combustion 
engines by the great manufacturing corporations indicate a feeling 
of assured reliability, but the subsidizing by European war depart- 
ments of petrol-motor lorries indicates a feeling of reliability in the 
internal-combustion principle that is beyond dispute. These vehicles 
will be held subject to purchase in case of need by the war depart- 
ments. An important stipulation is, “‘The engines must be of the 
internal-combustion type using petrol, and by preference having 
four cylinders.”’ 
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THE HUMPHREY PUMP. 


This internal-combustion pump has been before the public for two 
or three years. The 1,000-horsepower pump occupies about the 
same space as the tandem double-acting gas engine of the same 
power. Many similar internal-combustion pumps are clamoring for 
admission to the field. The comptroller of the British patent office, 
in discussing the validity of the Humphrey patents, states: ‘‘The 
Humphrey pumps show an important advance in the art. Although 
many applications have been filed for patents since 1858 none has 
embodied the principles of the Humphrey pump.” @ 

Mr. Humphrey says: ‘‘ With the compression pressure of 11 atmos- 
pheres, absolute, the theoretical thermal efficiency of the cycle is 52.5 
per cent, whereas that of the Otto cycle is only 40 per cent when all 
corrections for varying specific heats are allowed for. With very 
moderate compression, under 50 pounds, an actual thermal efficiency 
of 23 per cent has been obtained on a four-cycle Humphrey pump. 
This corresponds to 0.95 pound of anthracite per hydraulic horse- 
power-hour, and was obtained on a lift of only 35 feet.” ° 


UTILIZATION OF THE WASTE HEAT OF THE GAS ENGINE. 


Various methods of utilizing the waste heat of the gas-engine 
exhaust have been attempted from time to time and the demand for 
such devices for heating buildings has been large. Several schemes 
for accomplishing this result are now commercially in use, but 
according to recent opinions the most efficient method of utilizing 
the exhaust is through a combination of gas and steam engines. 

Present practice indicates that about three pounds of steam are 
generated per brake horsepower-hour by means of boilers heated by 
the exhaust. 

According to A. E. L. Chorlton the use of exhaust boilers with 
efficient steam engines and specially designed gas engines of the two- 
cycle type will effect marked thermal economies and reduce the 
initial cost per horsepower of the installation.* 

One of the technical journals* states that Mr. Chorlton shows by 
numerical examples the possibilities of such an engine, first examin- 
ing the case of the addition of a steam end to a normal economical 
gas engine. He assumes a standard engine to use 9,500 British 
thermal units per brake horsepower-hour. As the engine is ordinarily 
arranged with jacket feed to the boilers one may take 40 per cent of 
this heat to be recoverable. From this at 80 per cent efficiency of 
conversion, at 100 pounds pressure, there would be recovered about 


a Engineering (London), vol. 92, Sept. 1, 1911, p. 295. 

+ Engineering (London), vol. 90, Nov. 18, 1910, pp. 714-718; Eng. Mag., vol. 40, p. 607. 

e Eng. Mag., vol. 41, May, 1911, p. 311. Abstract of paper before Manchester Assoc. Engineer, Feb. 
25, 1911, 
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24 pounds of steam per brake horsepower-hour. This amount of 
steam in an ordinary simple steam engine would not give more than 
10 to 12 per cent of the main engine power, a return that hardly justi- 
fies the first cost of the steam cylinder. Consequently no develop- 
ment has taken place in this direction. 

When, however, one deals with a special combined compound engine, 
each part of which is made in the way most suitable for the purpose 
required, one gets a very different result. In order to reduce the cost 
of the gas-engine part the compression would be lowered and, with the 
ignition retarded, a much lower maximum pressure and temperature 
would result; the total heat units used would go up to about 12,000 
British thermal units, but more would be rejected to the exhaust, 
and with a special arrangement of boiler, economizer pipes, super- 
heaters in exhaust, etc., 50 per cent of the waste should be recover- 
able. There should be obtained from this 4 pounds of steam per 
brake horsepower-hour. 

The steam cylinder used would be similar in type to that of the two- 
cycle engine—that is, with no exhaust valves. The unidirectional- 
flow engine of this type has been largely reintroduced in Germany 
with very economical results. The jacketing of the ends could be 
done by exhaust gas. For small engines of this type it is safe to 
assume a steam consumption of 12 pounds per brake horsepower- 
hour; a consumption of 10 pounds has been obtained in actual prac- 
tice. Hence the power obtained from the steam cylinder would be 
one-third of that of the gas cylinder, and the consumption for total 
effective power would be reduced to 9,000 British thermal units per 
brake horsepower-hour, or less than that for the economical gas 
engine alone. 

CONCLUSION. 


It is gratifying to note that each year gives evidence of the absurdity 
of many of the prophecies regarding the elimination of practically all 
primemovers save the internal-combustion engine and that the past 
year may be regarded as one of steady, conservative progress and 
development in this field. The opportunity for investigation in the 
gas-power fields is at present unlimited and nearly a hundred impor- 
tant gas-power problems are at present on file at the Bureau of Mines 
under the head of ‘‘ Proposed investigations.” 
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PUBLICATIONS ON FUEL TESTING. 
PUBLICATIONS OF THE BUREAU OF MINES. 


The following publications may be obtained without cost by apply- 
ing to the Director, Bureau of Mines, Washington, D. C.: 


Buuetin 1. The volatile matter of coal, by H. C. Porter and F. K. Ovitz. 1910. 
56 pp., 1 pl. 

BuLueTin 2. North Dakota lignite as a fuel for power-plant boilers, by D. T. Ran- 
dall and Henry Kreisinger. 1910. 42 pp., 1 pl. 

Buuetin 3. The coke industry of the United States as related to the foundry, by 
Richard Moldenke. 1910. 32 pp. 

Buetin 4. Features of producer-gas power-plant development in Europe, by 
R. H. Fernald. 1910. 27 pp., 4 pl. 

Butietin 5. Washing and coking tests of coal at Denver, Colo., by A. W. Belden, 
G. F. Delamater, J. W. Groves, and K. M. Way. 1910. 62 pp. 

BuLetin 6. Coals available for the manufacture of illuminating gas, by A. H. White 
and Perry Barker. 1911. 77 pp., 4 pls. 

Butietin 7. Essential factors in the formation of producer gas, hy J. K. Clement, 
L. H. Adams, and C. N. Haskins. 1911. 57 pp., 1 pl. 

Butetin 8. The flow of heat through furnace walls, by W. T. Ray and Henry 
Kreisinger. 1911. 32 pp. 

Butuetin 11. The purchase of coal by the Government under specifications, by 
G.S. Pope. 80pp. Reprint of United States Geogical Survey Bulletin 428. 

BuLetin 12. Apparatus and methods for the sampling and analysis of furnace 
gases, by J. C. W. Frazer and E. J. Hoffman. 1911. 22 pp. 

Butietin 13. Résumé of producer-gas investigations, October 1, 1904-June 30, 
1910, by R. H. Fernald and C. D. Smith. 1911. 393 pp., 12 pls. 

Buuetin 14. Briquetting tests of lignite at Pittsburgh, Pa., 1908-9; with a chapter 
on sulphite-pitch binder, by C. L. Wright. 1911. 64 pp., 11 pls. 

Butuetin 16. The uses of peat for fuel and other purposes, by C. A. Davis, 1911. 
214 pp., 1 pl. 

Butuetin 19. Physical and chemical properties of the petroleums of the San Joaquin 
Valley of California, by I. C. Allen and W. A. Jacobs, with a chapter on analyses of 
natural gas from the oil fields of southern California, by G. A. Burrell. 1911. 60 pp. 

Buuuetin 21. The significance of drafts in steam-boiler practice, by W. T. Ray 
and Henry Kreisinger. 64 pp. Reprint of United States Geological Survey Bul- 
letin 367. 

Butetin 23. Steaming tests of coals and related investigations, September 1, 1904, 
to December 31, 1908, by L. P. Breckenridge, Henry Kreisinger, and W. T. Ray. 
1912. 371 pp. 

Butietin 24. Binders for coal briquets, by J. E. Mills. 56 pp. Reprint of United 
States Geological Survey Bulletin 343. 

BULLETIN 27. Tests of coal and briquets as fuel for house-heating boilers, by D. T. 
Randall. 44 pp., 3 pls. Reprint of United States Geological Survey Bulletin 366. 

Bu.etin 28. Experimental work conducted in the chemical laboratory of the 
United States fuel-testing plant at St. Louis, Mo., January 1, 1905, to July 31, 1906, 
by N. W. Lord. 49 pp. Reprint of United States Geological Survey Bulletin 323. 

Buetin 29. The effect of oxygen in coal, by David White. 80 pp., 3 pls. Re- 
print of United States Geological Survey Bulletin 382. 

Bu.etIN 30. Briquetting tests at the United States fuel-testing plant, Norfolk, 
Va., 1907-8, by C. L. Wright. 41 pp.,9 pls. Reprint of United States Geological 
Survey Bulletin 385. 
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Butvetin 31. Incidental problems in gas-producer tests, by R. H. Fernald, C. D. 
Smith, J. K. Clement, and H. A. Grine. 29 pp. Reprint of United States Geo- 
logical Survey Bulletin 393. 

Bu.uetin 32. Commercial deductions from comparisons of gasoline and alcoho] 
tests on internal-combustion engines, by R. M. Strong. 38 pp. Reprint of United 
States Geological Survey Bulletin 392. 

BuLuetin 33. Comparative tests of run-of-mine and briquetted coal on the 
,orpedo boat Biddle, by W. T. Ray and Henry Kreisinger. 49 pp. Reprint of United 
States Geological Survey Bulletin 403. 

Bu.uetin 34. Tests of run-of-mine and briquetted coal in a locomotive boiler, by 
W. T. Ray and Henry Reaneer: 32 pp. Reprint of United States Geological 
Survey Bulletin 412. 

BuLuetin 35. The utilization = fuel in locomotive practice, by W. F. M. Goss. 
28 pp. Reprint of United States Geological Survey Bulletin 363. 

BULLETIN 37. Comparative tests of run-of-mine and briquetted coal on locomotives, 
including torpedo-boat tests and some foreign specifications for briquetted fuel, by 
W. F. M. Goss. 57 pp., 4 pls. Reprint of United States Geological Survey Bulletin 
363. 

Bu.uetin 39. The smoke problem at boiler plants, a preliminary report, by D. T. 
Randall. 31 pp. Reprint of United States Geological Survey Bulletin 334, revised 
by S. B. Flagg. 

BuLuetin 40. The smokeless combustion of coal in boiler furnaces, with a chapter 
on central heating plants, by D. T. Randall and H. W. Weeks. 188 pp. Reprint of 
United States Geological Survey Bulletin 373, revised by Henry Kreisinger. 

TECHNICAL ParEeR 1. The sampling of coal in the mine, by J. A. Holmes. 1911. 
16 pp. 

TECHNICAL PaPER 2. The escape of gas from coal, by H. C. Porter and F. K. Ovitz. 
1911. 14 pp. 
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DOCUMENTS. 
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Documents, Government Printing Office, Washington, D. C. 


PROFESSIONAL Paper 48. Report on the operations of the coal-testing plant of the 
United States Geological Survey at the Louisiana Purchase Exposition, St. Louis, 
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20 cents. 
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Richard Moldenke, A. W. Belden, and G. R. Delamater. 1908. 76 pp. 10 cents. 
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